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In the last 5 years, global gene expression profiling has allowed for the 
subclassification of the heterogeneous disease of breast cancer into new 
subgroups with prognostic significance. However, for most subgroups, the 
nature of the contributions of individual genes to the clinical phenotypes 
remains largely unknown. In this issue of the JCI, Moyano and colleagues 
further examine the oncogenic potential of the small heat shock protein 
α-basic–crystallin, commonly expressed in tumors of the basal-like breast 
cancer subtype associated with poor prognosis, and show that it is an onco-
genic protein in the breast (see the related article beginning on page 261).

Small heat shock proteins
α-Basic–crystallin (αB-crystallin) is a 
member of the mammalian small heat 
shock protein (sHsp) superfamily, whose 
10-protein membership is defined by the 
presence of a conserved, approximately 
90-aa region (termed the α-crystallin core) 
with divergent amino- and carboxytermi-
nal domains (1–3). The sHsps function 
as cytoprotective molecular chaperones, 
preventing stress-induced aggregation 
of denaturing proteins as well as keep-
ing aggregation-prone proteins in reser-
voirs of nonnative refoldable intermedi-
ates by holding proteins within large, 
soluble, multimeric structures. sHsps 
also appear to have a structural role; for 
example, αB-crystallin together with  
α-Acidic-crystallin comprise as much 
as 40% of the cytoplasmic proteins in 
lens cells of the eye and are thought to 
play an essential role in maintaining its 

transparency. However, in other tissues 
in the human body the 2 α-crystallins are 
expressed constitutively at much lower 
levels. αB-Crystallin shares a close homol-
ogy with another sHsp, Hsp27, and both 
of these proteins are activated in response 
to stresses such as heat shock, radiation, 
oxidative stress, and exposure to antican-
cer drugs. Moreover, both proteins have 
been shown to have antiapoptotic func-
tions by interfering with the activity of 
various apoptotic proteins (2). Indeed, 
the literature suggests that αB-crystallin 
is important in the pathology of cancer, 
as overexpression of αB-crystallin has 
been observed in gliomas (4), renal carci-
nomas (5), breast carcinomas (6, 7), and 
ductal carcinoma in situ compared with 
matched normal breast tissue (8). Until 
now, the importance of αB-crystallin in 
cancer has been vaguely attributed only 
to its antiapoptotic functions.

αB-Crystallin as an oncoprotein
In this issue of the JCI, Moyano and col-
leagues demonstrate properties of αB-
crystallin not previously described to our 
knowledge that define it as a potential 
oncogenic protein (9). Using various cell-
culture systems, including reconstituted 
3D basement membrane cultures, they 

report that constitutive overexpression of 
αB-crystallin in 2 human mammary epi-
thelial cell lines, MCF-10A and MCF-12A, 
induced neoplastic-like changes such as 
EGF- and anchorage-independent growth, 
loss of polarity, disorganized acinar struc-
ture, increased proliferation, diminished 
apoptosis, and increased migration and 
invasion (Figure 1). These morphological 
changes were reliant on αB-crystallin over-
expression, since retroviral RNA interfer-
ence–mediated silencing of αB-crystallin 
expression suppressed the abnormal phe-
notype. Moreover, although this transfor-
mation induced the expression and phos-
phorylation of ERK1/2, AKT, and p38, the 
authors show that the neoplastic changes 
were dependent on the ERK/MAPK path-
way, as inhibition of only this pathway by 
highly specific MAPK kinase (MEK) inhib-
itors completely negated transformation. 
Transformation also appears to be depen-
dent on the phosphorylation state of αB-
crystallin, as a pseudophosphorylation 
mutant of αB-crystallin, which mimics 
stress-induced phosphorylation, did not 
confer neoplastic changes. Furthermore, 
the authors demonstrate that αB-crys-
tallin meets one of the “gold standards” 
for classification as an oncogenic protein: 
human mammary epithelial cells overex-
pressing WT αB-crystallin were shown to 
form invasive carcinomas in nude mice. 
In contrast, constitutive overexpression 
of the recognized oncogenes H-RasV12, 
cyclin D1, and erythroblastic leukemia 
viral oncogene homolog 2 (ErbB2) in these 
cells does not induce tumors in nude mice 
(10–12), suggesting that αB-crystallin is a 
more potent oncoprotein in this model. 
Finally, the authors demonstrate the clin-
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ical relevance of examining αB-crystallin 
expression, as breast carcinomas positive 
for αB-crystallin (39 of 361 patients) were 
associated with significantly worse dis-
ease-specific survival independent of other 
commonly used prognostic markers. How-
ever, whether αB-crystallin truly meets the 
requirements of an oncogene is yet to be 
determined. Genetic studies demonstrat-
ing tumorigenic alterations of αB-crystal-
lin such as mutations, amplifications, and 
translocations in human breast tumors 
and the generation of mammary tumors 
in transgenic αB-crystallin–expressing 
mouse models would provide unequivo-
cal evidence that αB-crystallin is a bona 
fide oncogene.

Regulation of αB-crystallin  
and its targets
Moyano et al. (9) bring the importance 
of αB-crystallin in breast cancer to the 
forefront, but it is still unknown whether 

αB-crystallin overexpression in breast 
tumors is driven by promoter transacti-
vation, loss of transcriptional inhibition, 
increased DNA copy number, or other 
means, such as mutation of promoter 
elements. Moreover, it is not yet known 
whether overexpression of αB-crystallin 
is a major initiating oncogenic change in 
vivo. And what is the mechanism of the 
αB-crystallin–dependent activation of the 
ERK/MAPK pathway? One may speculate 
that αB-crystallin stabilizes an activator 
of the pathway, such as Ras GTPases or 
one of the Rafs, or enhances ubiquitina-
tion and degradation of a MEK inhibi-
tor, such as Raf kinase inhibitor protein, 
or have a completely novel function. The 
relationship between αB-crystallin and 
the ERK/MAPK pathway may also be cell 
type specific or context dependent, as a 
recent report (13) shows that in rabbit 
lens cells, in contrast to Moyano et al.’s 
observations in human mammary epi-

thelial cells (9), αB-crystallin inhibits the 
ERK/MAPK pathway, thereby disrupting 
calcium-activated, p53-dependent apop-
tosis. In this respect, it is interesting to 
note that mutation of p53 occurs in over 
80% of basal-like breast tumors, a rate 
much higher than most other subtypes 
(6). Furthermore, since ERK/MAPK has 
over 70 known substrates and modulates 
many fundamental cellular processes 
(e.g., cell proliferation, survival, differen-
tiation, apoptosis, motility, and metabo-
lism) (14), it remains to be seen which of 
these effectors are important in αB-crys-
tallin–mediated transformation of mam-
mary epithelial cells.

αB-Crystallin as a marker  
for basal-like tumors
In the 1980s, it was first reported that 
breast tumors could be classified based 
on their expression of various epithelial 
cell cytokeratins (CKs), which are highly 
conserved cytoskeletal structural poly-
peptides found in all epithelial tissues. In 
these early studies, tumors that expressed 
the stratified CKs (such as CK5, CK14, 
and CK17) of the basal/myoepithelial cell 
lineage were associated with poor survival 
(15–17). With the advent of global gene 
expression profiling, this tumor sub-
group, termed basal-like, has garnered 
renewed interest in recent years due to the 
fact that these tumors display a distinct 
transcriptional profile (18) that correlates 
with a poor prognosis (6, 19, 20). In addi-
tion, a link between this tumor subgroup 
and genotype has shown that hereditary 
breast cancer tumors with mutations in 
breast cancer 1, early onset (BRCA1) almost 
invariably display the basal-like pheno-
type (19). Although the basal-like sub-
group appeared distinct when defined 
using gene expression data in a number 
of studies (6, 18–20), it should be noted 
that the formal definition and molecular 
markers that specify a basal-like tumor 
are still evolving (21–23).

Moyano and colleagues (9) use an 
immunohistochemistry–based (IHC-
based) panel of protein expression (22) to 
identify the basal-like subgroup (estrogen 
receptor–negative [ER-negative], ErbB2/
HER-2–negative, and CK5/6-positive and/
or EGFR-positive). In this context, the 
association between αB-crystallin and the 
basal-like subtype of breast cancer, while 
attractive, is not as conclusive as the rest 
of their study. About half of the basal-like 
tumors characterized in a study by Sorlie 

Figure 1
αB-Crystallin overexpression causes neoplastic-like transformation of human mammary epithe-
lial cells. MCF-10A, immortalized human mammary epithelial cells, form acinar-like structures 
consisting of a single layer of polarized cells surrounding a hollow lumen, resembling normal 
breast ducts, when grown in 3D basement membrane culture. Activation of oncogenes such 
as ErbB2 induces neoplastic-like changes in these mammary acini. In this issue of the JCI, 
Moyano et al. (9) demonstrate that MCF-10A cells stably overexpressing WT αB-crystallin 
(αB-WT) form large, abnormal acini with filled lumen in contrast to the normal acini formed by 
empty vector–infected control cells (pLXSN) and cells overexpressing a pseudophosphorylation 
mutant of αB-crystallin (αB-3XSE). Immunostained cross sections of the acini displayed higher 
levels of αB-crystallin (green) in αB-WT acini and marked disruption of normal acinar polarity, 
as evidenced by the localization pattern of the apical marker GM130 (red; upper panels) and 
the basolateral marker integrin β4 (red; lower panels), compared with pLXSN and αB-3XSE 
cells. In addition, the dramatic loss of polarity and disruption of acinar morphology in αB-crystal-
lin–overexpressing MCF-10A cells were also accompanied by increased EGF- and anchorage-
independent growth, increased proliferation, diminished apoptosis, and increased migration 
and invasion, and these cells formed tumors in nude mice. These findings clearly indicate that 
αB-crystallin is an oncogenic protein in human mammary epithelial cells.
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et al. (6) and in the Moyano et al. study (9) 
did not overexpress αB-crystallin (mRNA 
and protein, respectively). Furthermore, 
about half of the αB-crystallin IHC-posi-
tive tumors identified by Moyano et al. did 
not belong to their identified basal-like 
group. It is unknown whether the non–
basal-like, αB-crystallin–positive tumors 
are misclassified basal-like cases, or wheth-
er they are found randomly among the 
other breast cancer subtypes or enriched 
in certain subtypes. It should be noted 
that approximately half of the tumors 
belonging to the so-called “normal-like” 
subtype (which does not have such a poor 
prognosis as the basal-like subtype) have 
also been shown to express αB-crystallin 
message (6). That being said, the imper-
fect correlation between basal-like breast 
tumor marker expression and αB-crystal-
lin expression may actually provide sup-
port for the idea that αB-crystallin is an 
oncogene, as it would be unlikely for an 
oncogene to be activated in all tumors of 
the imperfectly homogeneous basal-like 
subgroup. Nevertheless, Moyano et al. 
state that the αB-crystallin–transformed 
tumors that grew in the nude mice dis-
played basal-like characteristics; however, 
just how well these MCF-10A cell–derived 
tumors recapitulate the basal-like pheno-
type is not clear, as specific staining for 
basal CKs was not performed, nor were 
they analyzed for basal-like gene expres-
sion patterns. In this respect, any result 
should be interpreted within the context 
that MCF-10A cells themselves already 
appear to display a basal-like gene expres-
sion profile (24, 25). Additionally, while the 
authors show that αB-crystallin protein 
expression was associated with a shorter 
disease-specific survival independent of 
tumor grade, lymph node status, and 
ER and ErbB2 expression, it is not clear 
whether the prognostic value of αB-crys-
tallin is independent of basal-like status. It 
also remains to be validated whether αB-
crystallin is a general prognostic marker 
(in absence of therapy), a predictive mark-
er for response to a particular therapy, 
both, or neither, as the patients studied by 
Moyano et al. (9) were diagnosed over sev-
eral decades and had substantially varied 
(and unspecified) adjuvant therapies (26). 
This is particularly important given that 
increased expression of αB-crystallin in 
cell line models has been associated with 
acquired resistance to the DNA-damaging 
agents cisplatin, etoposide, and fotemus-
tine (27) and in light of recent evidence 

that the basal-like, but not the normal-
like, subtype is particularly sensitive to 
preoperative paclitaxel followed by 5-fluo-
rouracil, doxorubicin, and cyclophospha-
mide chemotherapy (28).

As with any groundbreaking work, the 
study by Moyano and colleagues (9) opens 
up as many questions as it convincingly 
answers. Their impressive study marks 
a significant step forward in our under-
standing of how αB-crystallin contributes 
to cancer; clearly, αB-crystallin is involved 
in many more ways than simply suppress-
ing apoptosis. Furthermore, if validation 
studies demonstrate that human breast 
tumors with high αB-crystallin levels 
have an activated ERK/MAPK pathway, 
then a tailored therapy for this phenotype 
may soon be clinically testable, as at least 
2 drugs active against this pathway are 
currently being evaluated: CI-1040 (also 
known as PD 184352), an orally available 
and well-tolerated MEK1/2 inhibitor, has 
shown encouraging results in phase I and 
II clinical trials as an anticancer agent 
(29), and PD 0325901, a second-genera-
tion MEK inhibitor, with which even bet-
ter responses are anticipated following 
completion of a National Cancer Institute 
Clinical Trial (NCT00147550).
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